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Project Metamorphosis
Designing a Dynamic Framework for
Converting Musical Compositions into Paintings

A BST R ACT

Ra o Ham z a A l i , G r ac e F o ng , a n d E r ik Lins t e ad

The authors present an automated, rule-based system for converting
piano compositions into paintings. Using a color-note association scale
presented by Edward Maryon in 1919, which correlates 12-tone scale
with 12 hues of the color circle, the authors present a simple approach
for extracting colors associated with each note played in a piano
composition. The authors also describe the color extraction and art
generation process in detail, as well as the process for creating “moving
art,” which imitates the progression of a musical piece in real time.
They share and discuss artworks generated for four well-known piano
compositions.

I strive to divest my art of all anecdote and illustrations
and to purify it so that emotions of the spectator can
become entirely “aesthetic” as in listening to music.
Stanton Macdonald-Wright [1]

Stanton Macdonald-Wright and Morgan Russell led an
art movement called Synchromism in 1912. Their artwork
analogized color to music, based on the idea that an artist
fills a canvas with colors in the same harmonious way that
a composer arranges notes in a symphony [2]. Even though
Synchromism encapsulated an intriguing concept, the movement was short-lived and failed to attract attention. With advancements in technology through which music and art can
easily be encoded as data, and a computer-based interchange
of the two mediums is possible, Synchromism now deserves
a revival. However, an analytical approach to generalizing a
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basis that can be used to encode music as art remains to be
provided. This basis can be found in the information relevant
to the musical instruments used, the chords played, and the
time interval between successive notes. Joan Kirsch and Russell Kirsch [3] have shown how insights into the formal elements of a painter’s style can be described to a computer. This
idea can also be applied to replicating a musical composition
in a different art form.
Computer technology, in large part due to faster hardware and improved machine-learning algorithms, has
evolved to support generation of complex artworks. DerLor Way, Wei-Jin Lin and Zen-Chung Shih proposed a
rule-based system to generate Chinese color ink paintings
and produced complex simulations [4]. Kang Zhang and
Jinhui Yu defined steps to produce automatically generated models of Wassily Kandinsky’s paintings [5], while a
layered modeling system was used to generate paintings in
Jackson Pollock’s drip style [6]. Much like the authors who
researched these works, we focus on a rule-based approach
that uses historical context to generate a painting based
on a single music piece. Kang Zhang, Stuart Harrell and
Xin Ji proposed a four-level system of classification that
rates levels of human participation and complexity in using a computer to generate abstract art [7]. Our proposed
method is a hybrid between levels 3 and 4, which involves
minimal human participation and encoding of aesthetic
rules to generate abstract paintings automatically. Human
involvement is limited to associating a musical note with a
color, which is applied through historical context, and giving parameters to a function that randomizes the strokes
generated on a virtual canvas. We present below a process
to convert piano compositions into computer-generated
paintings using the Processing programming language [8],
which is designed for artists with a focus on computer programming in a visual context. We show results of extracting
colors from renowned musical compositions and paintings
generated using our proposed system.

https://doi.org/10.1162/leon_a_02133 ©2022 ISAST
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Fig. 1. Color-note association proposed by Edward
Maryon (1919). (© Rao Hamza Ali)

Color-Tone Association

Over the course of history, there have been several attempts at
defining a scale that includes both colors and sounds, apparently beginning with Isaac Newton, who, in Opticks (1704),
proposed a color scale for the seven main notes in an octave
[9]. We, however, take inspiration from Ernest Percyval Tudor-Hart, a Canadian painter who promoted a quasi-musical
system of chromatic harmony [10]. In his system, musical
pitch is directly related to color luminosity, tone to hue, and
intensity to saturation. This system became the foundation
for Macdonald-Wright and Russell’s Synchromism. TudorHart’s system also proposed a scale that converts the 12 colors
on the spectrum to the 12 steps of a musical octave. Although
comprehensive, Tudor-Hart’s system lacked profound reasoning behind its scale. Similarly, D.D. Jameson, in his book
Colour-Music (1844), detailed a systematic approach to creating a color music score, to be used by a specially adapted
piano [11]. Alexander Scriabin, using synesthesia as his basis,
invented a similar musical instrument, the clavier à lumières
(1915), which was a keyboard with notes corresponding to
colors [12]. In these cases, the artists, influenced by contrasting methodologies, ended up with very different color scales.
In 1919 Edward Maryon published a book titled Marcotone:
The Science of Tone-Color [13], in which he provided in-depth
reasoning for his correlation. Using pitch ratio and chords,
Maryon proposed a scale that correlates the 12-tone scale with
12 hues of the color circle. In the 1980 article “Music and Visual

Color: A Proposed Correlation” [14], Alan Wells discussed different scales proposed by artists and musicians. He concluded
that Maryon’s scale was most convincing in terms of correlations between frequencies of notes and hues of colors. We
therefore use the scale defined in Marcotone as the basis for our
conversion of a music note to a color and then apply TudorHart’s system to add tint or shade to a color based on note octave. Figure 1 shows the tone-color circle proposed by Maryon
in Marcotone. Each base color is associated with a specific note.
Color Extraction Process

We use the Musical Instrument Digital Interface (MIDI) file
format of piano compositions to extract the note information. A MIDI file contains sequencer-related data, including
the tempo, time stamp, and key signature, for a composition
[15]. Figure 2 is a plot of all notes played in the composition
“Clair de Lune” by Claude Debussy [16] and relays what kind of
information can be extracted from a MIDI file. To extract this
information, we use the pretty_midi [17] library for Python.
Using Maryon’s scale, we map each note of a piano composition to its associated color, based on the pitch of a note.
Next, based on the octave, we add shade or tint to the associated color. Any note with an octave lower than middle C is
shaded to make it darker, while a note with a higher octave
is made lighter with a tint. Tint and shade are added at 25%
increments for each octave increase or decrease. This way,
the color palette is not limited to 12 colors but includes different shades of those colors
based on a note’s pitch and
octave, making the palette
unique, to our knowledge,
for a musical composition.
This further ensures that a
composition filled with low
octaves produces a darker
shade, while one with high
notes will generate a palette
with much brighter colors.

Fig. 2. Time stamp of all notes played
in “Clair de Lune” (Debussy, 1905)
with volume as color factor.
(© Rao Hamza Ali)
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this process comes from instruments invented over the years
that can synthesize both sound and color. Frederic Kastner’s
Pyrophone (1869), Bainbridge Bishop’s Color Organ (1877),
and Vladimir Baranoff-Rossiné’s Piano Optiphonique (1922)
were intricate instruments that played music and displayed
colors and shapes simultaneously, based on complex sets of
rules [18]. We emulate these instruments in a virtual environment using complex computer programming.
Cells

Fig. 3. Matrix of colors extracted from notes played in “Clair de Lune.”

(© Rao Hamza Ali)

Figure 3 shows the color palette generated for Clair de
Lune. Small squares are filled with colors extracted from each
individual note and are packed in a canvas. The colors are
placed in order, so the square at top left represents the first
note played in the piece and the order proceeds left to right.
Moving Art

Cells are individual brushstrokes that carry the colors extracted from a piano composition onto the canvas. Each cell
carries a color for a monophonic note played, and its size
directly relates to the velocity of the associated note encoded
in the MIDI file. The distance each cell covers comes from the
duration of the note played in the composition. The movement is dictated by a Perlin noise function, which calculates
incremental movement using a cell’s position in x- and yaxes. Perlin noise is commonly used in terrain generation
and texture formation [—19–21], and we use it to encode a
smooth path for each cell to follow. Figure 4 shows the code
snippet that computes the incremental movement of a cell
associated with a polyphonic note and how the color of the
cell is painted. To make each brushstroke realistic, we use the
idea of a hypothetical paintbrush and parameterize the opacity and thickness of each bristle of the brush to the dynamics
and duration of the associated note.
Art Generation Process

The canvas is divided into eight equal overlapping sections,
and the size of each is defined by the duration of the composition. Cells can only appear in one section based on when
the associated note is played. A cell for the very first note
will appear in the first section, on the left, while cells for
notes played near the end of the composition will appear
in the eighth section, on the right. This technique results
in a canvas that slowly fills each section, and the interplay
of notes from beginning to end can be easily viewed. We
further scale the size of a canvas with the duration of the
music piece to minimize overlap of cells for longer compositions. Using this methodology, the process results in
artworks that resemble real-world paintings created with a
dry brush technique.

While the generated artwork in Fig. 3 is purely based on the
notes played in “Clair de Lune” following Maryon’s scale, it
does not fully represent the essence of a musical composition.
Elements of music such as rhythm and dynamics are missing; the artwork also lacks an overall theme. Not only did the
paintings produced by the Synchromism movement possess
a mastery of color scales, but it was the use of color to create
space and form, and the juxtaposition of different color planes,
that made the paintings engender emotions and sensations as a
piece of music would. Painters like Kandinsky, who experience
synesthesia—the blending of senses where stimulation in one
sense produces sensation in another—have used a combination of shapes and colors to display the perceived sensations from sounds on a canvas.
To match these artistic styles, we create
synthetic brushstrokes, or cells, that carry a
musical component for each note in a composition and display it on the canvas. This
form of “moving art” uses texture, melody,
rhythm, and dynamics to dictate the style of
the brush and produces a thematic artwork
that we hope is as evocative as the musical composition itself. We have also added
a feature to record the state of the canvas
from the first brushstroke to the very last,
so that an entire piano composition can be
Fig. 4. Program segments that calculate the next position of a cell and paint on the canvas.
viewed as moving art. A deep inspiration for
(© Rao Hamza Ali)
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component of the process. Even then, the artworks generated
for different compositions are uniquely diverse and allude to
the novelty of our work.

Music and Sound Art

We first load all cells with their properties, dictated by
their associated notes, and initialize an empty white canvas. Next, based on when a note is played in the composition, a brushstroke, using the associated cell, paints on the
canvas. For an overall representation of a composer’s style
of rhythm and stylistic variation, we have further encoded
chords, scales, and arpeggios in the process. For notes played
in a chord, the cell follows a straight path and carries colors
for all chord notes. Major chord notes are shown as sharp
vertical lines, minor chord notes as horizontal lines, and
other chord notes as diagonal lines. Arpeggios are drawn as
spirals using small circles, and scale notes are represented
by jagged straight lines.
Furthermore, compositions in a major key are represented
with cell colors becoming lighter as the cells move. In contrast, pieces composed in a minor key are represented with
cells becoming darker, giving the artwork a more subdued
effect. The focus on these details allows us to create a painting
that is unique to a composition and represents all its musical
elements on a canvas. The inputs to the Perlin noise function
are set as constants, so a canvas with similar paths for the cells
is used across all artworks and further minimizes the random

Results

We now discuss the results of the artwork generation process
for four piano compositions. The compositions represent
the Baroque, Classical, Romantic and Impressionist styles
respectively:
1. Prelude and Fugue in C Major, BWV 846 by
Johann Sebastian Bach (1722) [22]
2. Piano Sonata no. 8 in A Minor, K. 310 (Allegro
maestoso) by Wolfgang Amadeus Mozart (1778) [22]
3. Nocturne op. 9, no. 2 in E-flat Major by Frédéric
Chopin (1832) [23]
4. “Clair de Lune” by Claude Debussy (1905)
For each musical composition, we take a snapshot of the
canvas corresponding to three different intervals: at 30 seconds into the composition, at 61.8% completion (phi point,
where the climax of a composition is presumed to be found
[24]), and when the very last note is played. Figure 5 shows

Fig. 5. Canvas snapshots taken for Debussy’s “Clair de Lune” on the left, and Bach’s Prelude and Fugue on the right, at three intervals
(canvas size 3840 × 2160 pixels). (© Rao Hamza Ali)
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Fig. 6. Canvas after the generation process for Mozart’s Sonata no. 8 (canvas size 5200 × 2160 pixels). (© Rao Hamza Ali)

the canvas at the three intervals for Debussy’s and Bach’s
pieces. The color differences nod to the differing sets of
notes that the composers used in their compositions while
the abundance of arpeggios in the Bach Prelude, early in the
composition, and those for Debussy near the phi moment,
are clear as well. The artworks also highlight the differences
in speed and volume in the two pieces. The Debussy reveals
longer but thinner brushstrokes, which represent notes
played softly and for a longer duration, while the Bach uses
shorter and wider brushstrokes.
Figure 6 and Color Plate B show the artworks generated
for Mozart’s and Chopin’s pieces, at the end of the generation
process. Mozart’s composition has a duration of eight and a
half minutes, and we use a larger canvas size to incorporate
all notes played in it. Between the two artworks, the striking
contrast of an A minor versus an E major key composition
is ever present, with the Mozart showing darker undertones
in a minor key.
Potential Impacts

Newton’s original seven-color scale has inspired many to
delve into the connection between sound and color. It has
inspired the invention of instruments that can produce both
music and colors, has compelled artists to produce artworks
using sound to form their color palettes, and has had many
others, like Maryon, dive deep into the mathematical connection between the two mediums. Our work is another
contribution to this movement, building on Maryon’s findings and Tudor-Hart’s color system, and inspired by Macdonald-Wright and Russell’s Synchromism. By using these
historical contexts for our study, we hope that this work

provides clues to others who proceed in the advancement
of this movement.
This experiment further demonstrates the impact of
computer-generated art on how an art form’s medium is
perceived. The artworks generated have great potential to be
applied as a transformed medium for musical compositions
for those with auditory disabilities. Through the creation of
artworks for well-known piano compositions on a large scale,
an open source platform can be established, so that those
who are unable to listen to classic piano compositions are
still able to perceive the individuality of the composer and
the impact of the piece, albeit in a different medium.
The generation process is highly scalable, and the only
limitation for art generation is the memory of the computer
used. The artworks presented here were generated on a computer running Windows 10 with 16 GB memory and an AMD
Ryzen 3 3100 processor at 3.72 GHz. The artwork generation
process of the four compositions took between four and 10
minutes, based on the duration of the composition.
Conclusion

Inspired by the Synchromism movement, this article has introduced a rule-based system for converting piano compositions into paintings. Using a color scale presented by Edward
Maryon in 1919, we convert a note into a color using its pitch
and octave and generate a color palette that is unique to a
piece of music. Additionally, for a true representation of a
musical composition, we have also presented an artwork
generation process. The artworks are enriched with musical
components as we transform the velocity, duration, harmony,
and texture of notes into features of synthetic brushstrokes.
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color plate b

Color Plate B: Project Metamorphosis: Designing a
Dynamic Framework for Converting
Musical Compositions into Paintings

Canvas after the generation process for Chopin’s Nocturne op. 9, no. 2 (canvas size 3840 × 2160 pixels).
(© Rao Hamza Ali) (See the article in this issue by Rao Hamza Ali, Grace Fong, and Erik Linstead.)
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